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DESCRIPTION 

DUPLEX-TYPE HEAT EXCHANGER AND REFRIGERATION SYSTEM 
EQUIPPED WITH SAID HEAT EXCHANGER 

5 

Cross Reference to Related Applications 
This application is an application filed under 35 U.S.C. 
§ 111(a) claiming the benefit pursuant to 35 U^S-C. § 119(e)(1) of 
10 the filing date of Provisional Application No. 60/302 , 687 filed on 
July 5, 2001 pursuant to 35 U.S.C. § 111(b) . 

Technical Field 

The present invention relates to a duplex- type heat exchanger 
15 which can be suitably used as an evaporator in a refrigeration system 
of eui air conditioner for automobile -use, residential -use or 
business-use, and also relates to a refrigeration system equipped 
with the duplex- type heat exchanger. 



20 Background Art 

As shown in Fig. 11, most conventional refrigeration systems 
for use in air conditioners for automobiles include a vapor- 
compression type refrigeration cycle employing a compressor 101, 
a condenser 102, a receiver tank 103, an expansion valve 104 and 
25 an evaporator 105. Fig. 12 illustrates a Mollier diagram showing 
a state of refrigerant in a refrigeration cycle in which the ordinate 
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denotes pressure and the abscissa denotes enthalpy* In this figure , 
the refrigerant Is In a liquid-phase state In the area located at 
the left side of the liquid-phase line, a vapor- liquid mixed state 
in the area located between the liquid-phase line and the 
5 vapor-phase line, and a gaseous-phase state in the area located 
at the right side of the vapor-phase line. 

As shown by the solid line in this figure, the refrigerant 
is compressed by the compressor 101 to shift from the A point state 
to the B point state to thereby become high -temperature and 

10 high-pressure gaseous refrigerant, and then condensed by the 
condenser 102 to shift from the B point state to the point C state. 
The refrigerant condensed in this way is once stored in the receiver 
tank 103, and only the liquefied refrigerant is decompressed and 
expanded by the expansion valve 104 to shift from the C point state 

15 to the D point state to thereby become low^-pressure and lowr 
temperature mist -like refrigerant. Then, this refrigerant is 
evaporated euid vaporized by exchanging heat with the ambient air 
in the evaporator 105 to shift from the D point state to the A point 
state, and turns into gaseous refrigerant. Here, the enthalpy 

20 difference from the D point state to the A point state is equivalent 
to the quantity of heat which acts on the air-cooling. Therefore, 
the larger the enthalpy difference is , the larger the refrigerating 
capacity becomes. 

By the way, in order to enhance the refrigerating capacity 

25 in the aforementioned refrigeration cycle, a condenser has been 
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developing based on the concept that the enthalpy difference at 
the time of evaporation is increased by subcooling the condensed 
refrigerant to the temperature lower than the temperature at the 
C point state by several degrees to increase the amount of heat 
5 rejection at the condensing process in which the ref rigereint shifts 
from the B point state to the C point state. 

As one of such improving techniques, a condenser with a 
receiver tank in which the receiver tank is placed between the 
condensing portion and the subcooling portion has been proposed. 

10 As shown in Fig. 13, this proposed condenser with a receiver 

tank is called a subcool system condenser or the like . The condenser 
is provided with a multi-flow type heat -exchanger core 111 and a 
receiver tank 113 attached to one of the headers 112. The upstream 
side of the heat -exchanger core 111 constitutes a condensing portion 

15 lllC, and the downstream side thereof constitutes a subcooling 
portion lllS independent to the condensing portion lllC. In this 
condenser, the refrigerant introduced via the refrigerant inlet 
111a is condensed by exchanging heat with the ambient air when the 
refrigerant passes through the condensing portion lllC, and the 

20 condensed refrigerant is introduced into the receiver tank 113 to 
be separated into a liquefied refrigerant and a gaseous refrigerant . 
Only the liquefied refrigerant is then introduced into the 
subcooling portion lllS to be subcooled, and then flows out of the 
refrigerant outlet 111b. 

25 In the refrigeration cycle including this condenser, as shown 
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by the broken line in Fig. 12, the refrigerant compressed by the 
compressor shifts from the A point state to the Bs point state to 
become high- temperature and high-pressure gaseous refrigerant, and 
then is cooled by the condensing portion lllC to shift from the 
5 Bs point state to the Csl point state to thereby become liquefied 
refrigerant. Furthermore, after passing through the receiver tank 
113, the liquefied refrigerant is suboooled by the subcooling 
portion 11 IS to shift from the Csl point state to the Cs2 point 
state. Then, this liquefied refrigerant is decompressed and 

10 expanded by an expansion valve to shift from the Cs2 point state 
to the Ds point state, and turns into mist-like refrigerant. The 
mist -like refrigerant is then evaporated and vaporized by an 
evaporator to shift from the Ds point state to the A point state, 
and turns into vapor refrigerant. 

15 In this refrigeration cycle, by subcooling the condensed 

refrigerant as shown in Csl-Cs2, the enthalpy difference at the 
time of evaporation (Ds-A) becomes larger than the enthalpy 
difference (D-A) at the time of evaporation in the normal 
refrigeration cycle. Therefore, an outstanding refrigeration 

20 effect can be obtained. 

The aforementioned conventional proposed condenser with a 
receiver tank is mounted, in a limited space of an automobile like 
other existing condensers , and has fundamentally the same size as 
that of the existing condenser. However, since the conventional 

25 proposed condenser with a receiver tank uses the lower portion of 
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the core 111 as a subcoollng portion 11 IS which does not contribute 
to condensation, as compared with the existing condenser, the 
condensing portion lllC becomes small by the subcoollng portion 
Ills, and therefore the condensing capacity deteriorates. 
5 Accordingly, It Is necessary to Increase the refrigerant pressure 
by a compressor and send high- temperature and high-pressure 
refrigerant Into a condensing portion lllC so that the refrigerant 
can be assuredly condensed Irrespective of the low condensing 
capacity. Consequently, In this refrigeration cycle, the 

10 refrlgermt pressure Increases especially In the condensing area, 
and as shown by the Molller diagram In Fig. 12, In the refrigeration 
cycle using the conventional proposed condenser with a receiver 
tank, the refrigerant pressure In the condensing euid subcoollng 
area (Bs-Cs2) Is high as compared with a normal refrigeration cycle. 

15 Accordingly, the load of compressor becomes large, and therefore 
It Is required to Increase the size of the compressor and enhance 
the performance thereof, which In turn causes Increased size and 
weight of the refrigeration system and expensive manufacturing 
cost . 

20 Furthermore, since the receiver tank 113 Is Integrally 

attached to the core 111, the receiver tank 113 is located near 
the condensing portion lllC to thereby interfere with the condensing 
portion inc. Thus, the effective cooling area of the condensing 
portion lllC will decrease. Accordingly, in order to suppress the 

25 reduction of the effective cooling area, it was required to further 
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Increase the size of the condenser. 

It Is one object of the present Invention to solve the 
aforementioned prior art problems and provide a duplex- type heat 
exchanger capable of obtaining high refrigeration performance and 
5 reducing the size and weight without increasing the refrigerant 
pressure. 

It is another object of the present invention to provide a 
refrigeration system capable of obtaining high refrigeration 
performance and reducing the size and weight without increasing 
10 the refrigerant pressure. 

Disclosure of Invention 
According to the first aspect of the present invention, a 
duplex- type heat exchanger for use in a refrigeration cycle in which 

15 condensed refrigerant is decompressed and then the decompressed 
refrigerant is evaporated, includes a subcooler for subooling the 
condensed refrigerant by exchanging heat with ambient air, and an 
evaporator for evaporating the decompressed refrigerant by 
exchanging heat with ambient air , wherein heat exchange is performed 

20 between the refrigerant passing through the subcooler and the 
refrigerant passing through the evaporator to thereby cool the 
refrigerant in the subcooler and heat the refrigerant in the 
evaporator. 

In the aforementioned duplex- type heat exchanger, since 
25 heat exchange is performed between the refrigerant in the subcooler 



I 
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and the refrigerant in the evaporator to thereby cool the 
refrigerant in the subcooler, the heat rejection amount of the 
refrigerant in the condensing or subcooling process can be increased. 
Furthermore, in case that the aforementioned heat exchanger is 
5 applied to a refrigeration cycle, it is not required to provide 
a subcooling portion in a condenser, and therefore the effective 
area of the condenser can be increased- Furthermore, a receiver 
tank or the like can be placed in a desired position apart from 
the condenser, which can avoid the interference with the condenser, 

10 resulting in efficient condensing capacity of the condenser. 

In the af oreimentioned duplex- type heat exchanger, it is 
preferable to further include a subcooler side heat -transferring 
fin by which the refrigerant in the subcooler exchanges heat with 
ambient air and an evaporator side heat -transferring fin by which 

15 the refrigerant in the evaporator exchanges heat with ambient air, 
wherein the subcooler side heat -treinsf erring fin is connected with 
the evaporator side heat -transferring fin in a continiious manner, 
whereby heat exchange is performed between the refrigerant in the 
subcooler and the refrigerant in the evaporator via the heat- 

20 transferring fin. 

In this case, heat exchange between the refrigerant in the 
subcooler and the refrigerant in the evaporator can be efficiently 
performed via the heat -transferring fin. 

Furthermore, in the aforementioned duplex- type heat 

25 exchanger, it is preferable that the subcooler is placed at a 
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windward side relative to an air Introduction direction cuid the 
evaporator Is placed at a leeward side, and wherein heat exchange 
Is performed between the refrigerant passing through an Inside of 
the evaporator and air heated by the subcooler. 
5 In this case, the refrigerant In the subcooler can fully be 

subcooled by the low temperature air Immediately after the 
Introduction, and the refrigerant In the evaporator can fully be 
heated to be evaporated by the high temperature air passed through 
the subcooler. 

10 In the aforementioned duplex- type heat exchanger. It Is 

preferable that the heat exchanger Is provided with a core Including 
a plurality of plate- shaped tubular elements laminated In Its plate 
thickness direction thereof via the heat -transferring fin, wherein 
each of the tubular elements Includes a subcooler side heat 

15 exchanging passage and an evaporator side heat exchanging passage 
Independent to the subcooler side heat exchanging passage, each 
heat excheuniging passage extending in a longitudinal direction of 
the tubular element , wherein the core is provided with a subcooler 
side inlet passage and a subcooler side outlet passage which are 

20 communicating with opposite ends of the subcooler side heat 
exchanging passage respectively and extending in a direction of 
laminating the tubular elements , wherein the core is provided with 
an evaporator side inlet passage and an evaporator side outlet 
passage which are communicating with opposite ends of the evaporator 

25 side heat exchanging passage respectively and extending in a 
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direction of laminating the tubular elements, whereby the 
refrigerant flowed Into the subcooler side Inlet passage passes 
through the Inlet passage and flows into each of the subcooler side 
heat exchanging passages, and then flows Into the subcooler side 
5 outlet passage and flows out of the outlet passage, and the 
refrigerant flows Into the evaporator side Inlet passage passes 
through the Inlet passage and flows Into each of the evaporator 
side heat exchanging passages, and then flows Into the evaporator 
side outlet passage and flows out of the outlet passage. 

10 In this case, the core can be assembled simply and assuredly 

only by laminating the tubular elements like the conventional 
laminated type evaporator, etc. 

It is preferable that the tubular element is provided with 
a continuous gap extending in a longitudinal direction of the 

15 tubular element and located between the subcooler side heat 
exchanging passage and the evaporator side heat exchanging passage 
in the tubular element, wherein the continuous gap is independent 
to both the heat exchanging passages, and opposite ends of the 
continuous gap are opened at opposite ends of the tubuleir element. 

20 In this case, the refrigerant leakage due to poor brazing can 

be assuredly detected by the continuous gap, the unexpected 
communication between both the heat exchanging passages can be 
prevented assuredly. 

Furthermore, it is preferable that the duplex- type heat 

25 exchanger further Includes a decompressing tube as decompressing 
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means for decompressing the condensed refrigerant, wherein the 
decompressing tube is placed in the evaporator side inlet passage. 

In this case, the installation space for the decompressing 
means can be omitted to thereby further reduce the size of the heat 
5 exchanger. 

According to the other aspect of the present invention, a 
refrigeration system having a refrigeration cycle, includes a 
compressor for compressing refrigerant, a condenser for condensing 
the refrigerant compressed by the compressor, a receiver tank for 

10 storing the refrigerant condensed by the condenser and providing 
liquefied refrigerant , a subcooler for subcooling the refrigerant 
provided from the receiver tank, decompressing means for 
decompressing the refrigerant subcooled by the subcooler, and an 
evaporator for evaporating the refrigerant decompressed by the 

15 decompressing means, wherein the subcooler and the evaporator are 
integrated to constitute a duplex- type heat exchanger in which heat 
exchange is performed between the refrigerant passing through the 
subcooler and the refrigerant passing through the evaporator to 
thereby cool the refrigerant in the subcooler and heat the 

20 refrigerant in the evaporator. 

In this refrigeration system, since the subcooler and the 
evaporator are integrated to constitute a duplex-type heat 
exchanger in which heat exchange is performed between the 
refrigerant in the subcooler and the refrigerant in the evaporator 

25 to thereby cool the refrigerant in the subcooler, the heat rejection 
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amount of the refrigerant in the condensing or subcooling process 
can be increased. Furthermore, since the subcooling portion is not 
provided to the condenser, the effective area of the condenser can 
be greatly increased. In addition, since the receiver tank can be 
5 placed at a desired position apart from the condenser to thereby 
prevent the interference with the condenser^ the condensing 
capacity of the condenser can be fully secured. 

In this refrigeration system, the aforementioned structure 
of the duplex- type heat exchanger can be suitably adapted. Using 
10 the heat exchanger, the aforementioned function and effects can 
be obtained. 

Other objects and advantages of the present invention will 
be apparent from the following preferred embodiments. 

Brief Description of Drawings 
Fig. 1 is a front view showing a duplex- type heat exchanger 
according to an embodiment of the present invention. 

Fig. 2 is a side view showing the heat exchanger of the 
embodiment • 

Fig. 3 illustrates a refrigerant circuit of the heat exchanger 
of the embodiment. 

Fig. 4 is an exploded perspective view showing a tubular 
element and its peripheral members constituting the heat exchanger 
of the embodiment. 

Fig. 5A is a cross -sectional view showing the tubular element 



15 



20 



25 
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Of the embodiment, and Fig. 5B is an enlarged cross -sectional view 
showing the portion surrounded by the alternate long and short dash 
line in Fig. 5A, 

Fig- 6 is an exploded perspective view showing the tubular 
5 element of the embodiment. 

Fig, 7 is a front view showing a forming plate constituting 
the tubular element of the embodiment 

Fig. 8 is a schematic circuit configuration of a refrigeration 
cycle showing the case that the heat exchanger of the embodiment 
10 is applied. 

Fig. 9 is a Mollier diagram of a refrigeration cycle using 
the heat exchanger of the embodiment . 

Fig. 10 is a cross -sectional view showing an evaporator inlet 
portion and its vicinity of the duplex- type heat exchanger according 
15 to a modification of the present invention. 

Fig. 11 is a circuit diagram showing a structure of a 
conventional refrigeration cycle. 

Fig. 12 is a Mollier diagram of a conventional refrigeration 

cycle . 

20 Fig. 13 is a schematic front view showing a circuit 

configuration of a condenser with a receiver tank according to a 
conventional proposal - 

Best Mode for Carrying Out the Invention 

25 The present invention will be described in detail with 
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reference to the attached drawings . Figs . 1 to 7 show a duplex- type 
heat exchanger according to an embodiment of the present invention • 
As shown in these figures, this heat exchanger 1 includes 
plate- shaped tubular elements 2, outer fins 5 each made of a 
5 corrugated fin and connecting tubes 6. A plurality of the 
aforementioned tubular elements 2 eare laminated in the plate 
thickness direction thereof with the aforementioned outer fin 5 
and connecting tube 6 interposed therebetween to thereby form a 
core 10. The front side of the core 10 of this heat exchanger 1 

10 constitutes a subcooler S, and the rear side thereof constitutes 
an evaporator £• The subcooler S and the evaporator E have an 
independent refrigerant circuit, respectively. In Fig. 3, the 
refrigerant circuit located at the subcooler side is shown by a 
solid line, and the refrigerant circuit located at the evaporator 

15 side is shown by a broken line. 

As shown in Fig. 6, each tubular element 2 is constituted by 
a pair of forming plates 20 coupled in a face-to-face manner. 

The forming plate 20 is a rectangular aluminum f oxroed article 
obtained by pressing, rolling or cutting an aluminum brazing sheet 

20 or the like. 

At the subcooler S side of the upper end portion of this forming 
plate 20, two small lengthwise holes 21a, 21b are formed side by 
side. On the other hand, at the evaporator E side of the forming 
plate 20, two large -diameter holes 31a, 31b are formed side by side. 

25 Furthermore, at the subcooler S side and the evaporator E side 
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Of the Inner surface of the forming plate 20 , a plurality of parallel 
passage grooves 22, 32 are formed. One end of each passage groove 
22, 32 is communicated with one of the holes 21a, 31a. Each passage 
groove 22, 32 extends downwardly from the holes 21a, 31a, U-turns 
5 at the lower end of the forming plate 20 and then extends upwardly. 
The other end of each passage groove 22, 32 is communicated with 
the other hole 21b, 31b. 

Between the subcooler S side and the evaporator E side of the 
inner surface of the forming plate 20, a vertically extending groove 

10 25 is formed. The upper and lower ends of the groove 25 are opened 
at the upper and lower ends of the forming plate 20, respectively. 

In a state that the pair of forming plates 20 are coupled in 
a face-to-face manner, the corresponding passage grooves 22, 32 
of the forming plates 20, 20 constitute a subcooler side heat 

15 exchanging passage 22 and an evaporator side heat exchanging passage 
32. The opposite ends of the subcooler side heat exchanging 
passages 22 are communicated with the corresponding small holes 
21a, 21b, and the opposite ends of the evaporator side heat 
exchanging passages 32 are communicated with the corresponding 

20 large -diameter holes 31a, 31b- 

As shown in Figs. 5A and 5B, the corresponding vertically 
extending grooves 25 between the forming plates 20, 20 form a 
vertically extending gap 25 whose upper and lower ends are opened 
at the upper and lower ends of the tubular element 2. 

25 In this specification, in order to avoid confusion due to 
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excessive reference nvimerals, the passage groove and the heat 
exchanging passage are allotted to the same reference numeral, and 
the vertically extending groove and the vertically extending 
aperture are allotted to the same reference numeral. 
5 Furthermore, as shown in Fig. 4, the connecting tube 6 

interposed between the upper end portions of the adjacent tubular 
elements 2 has a first pipe portion to a fourth pipe portion 62a, 
62b, 63a, 63b corresponding to the holes 21a, 21b, 31a, 31b of the 
tubular element 2 . 

10 A plurality of tubular elements 2 are laminated such that the 

aforementioned connecting tube 6 is interposed between the upper 
end portions of the adjacent tubular elements 2 and that the 
aforementioned outer fin 5 is interposed between the remaining 
portions of the adjacent tubular elements 2, to thereby form the 

15 core 2. 

When the core is built up, the outer fin 5 is disposed so as 
to extend from the front edge of the core 10 to the rear edge thereof. 
In other words, the outer fin 5 continuously extends between the 
subcooler S and the evaporator E. 

20 In this core 10, each hole 21a, 21b, 31a, 31b of each tubular 

element 2 corresponds to each pipe portion 62a, 62b, 63a, 63b of 
the connecting tube 6 . The first pipe portion 62a of each connecting 
tube 6 is arranged in series in such a way that the laminating 
direction of the tubular elements 2 to form a subcooler side inlet 

25 passage 8a. This inlet passage 8a is communicated with one end of 
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the subcooler side heat exchanging passage 22 in each tubular 
element 2 via the hole 21a. Similarly, the second pipe portion to 
the fourth pipe portion 62b, 63a, 63b of each connecting tube 6 
are arranged in series in the laminating direction of the tubular 
5 elements 2 to form a subcooler side outlet passage 8b, an evaporator 
side inlet passage 9a and an evaporator side outlet passage 9b, 
respectively. Each of these passages 8b, 9a, 9b is communicated 
with each one end of the subcooler side heat exchanging passage 
22, the evaporator side heat exchanging passage 32 and the 

10 evaporator side heat exchanging passage 32 in each tubular element 
2 via the corresponding hole 21b, 31a, 31b. 

Furthermore, in the outside forming plate 20 of the tubular 
element 2 placed at one end of the core 10 (the left end tubular 
element shovm in Fig. 1), the holes 21a, 21b, 31a, 31b formed at 

15 the upper portion of the forming plate 20 are closed. On the other 
hand, in the outside forming plate 20 of the tubular element 2 placed 
at the other end of the core 10, the holes 21a, 21b, 31a, 31b are 
opened, and constitutes a subcooler inlet port 12a, a subcooler 
outlet port 12b, an evaporator inlet port 13a and an evaporator 

20 outlet port 13b, respectively. 

In this heat exchanger 1, the f canning plate 20 of each 
tubular element 2 is constituted by a formed matter made of an 
aluminum brazing sheet, and the outer fin 5 and the connecting tube 
6 are constituted by an aluminum formed article, respectively. 

25 These are provisionally assembled via a brazing material if^ 
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necessary, and the provisional assembly is Integrally brazed in 
a furnace. 

In this duplex- type heat exchanger 1^ as shown in Fig. 3, the 
refrigerant introduced via the subcooler inlet port 12a passes 
5 through the subcooler side inlet passage 8a and is evenly 
distributed into the subcooler side heat exchanging passages 22 
of each tubular element 2. Then, the refrigerant passes through 
the heat exchanging passages 22 in parallel, and then is introduced 
into the subcooler side outlet passage 8b. Thereafter, the 

10 refrigerant flows out of the subcooler outlet port 12b. 

Furthermore, the refrigerant introduced via the evaporator 
inlet port 13a passes through the evaporator side inlet passage 
9a and is evenly distributed into the evaporator side heat 
exchanging passages 32 of each tubular element 2. Then, the 

15 refrigerant passes through the heat exchanging passages 32 in 
parallel, and then is introduced into the evaporator side outlet 
passage 9b. Thereafter, the refrigerant flows out of the 
evaporator outlet port 13b. 

As shown in Fig. 8, the aforementioned duplex- type heat 

20 exchanger 1 constitutes a refrigeration cycle together with a 
compressor 15, a multi-flow type condenser 16, a receiver tank 17 
and an expansion valve 18. In this duplex- type heat exchanger 1, 
the subcooler inlet port 12a is connected with the outlet of the 
receiver tank 17 , and the subcooler outlet port 12b is connected 

25 with the evaporator inlet port 13a via the expansion valve 18. 



wo 02/063223 




PCT/JP02/00911 



Furthermore, the evaporator outlet port 13b is connected with the 
compressor 15 via the expansion valve 18- In this duplex-type heat 
exchanger 1, the subcooler S is arranged at the windward side 
relative to the incoming air A and the evaporator E is arranged 
5 at the leeward side. Thereby, the air A introduced to the heat 
exchanger 1 passes through the subcooler S side and then the 
evaporator B. 

In this refrigeration cycle, as shown in the solid line in 
Fig. 9, the refrigerant is compressed by the compressor 15 to shift 

10 from the Ap point state to the Bp point state to thereby become 
high- temperature and high-pressure gaseous refrigerant, and 
subsequently condensed by the condenser 16 to shift to the Cpl point 
state. The condensed refrigerant is once stored in the receiver 
tank 17, and only the liquefied refrigerant is extracted eind 

15 introduced into the subcooler S constituting the duplex- type heat 
exchanger 1. In this subcooler S, the condensed refrigerant 
exchanges heat with the introduced air A as well as the refrigerant 
passing through the evaporator E via the outer fin 5 to be subcooled, 
to thereby shift to the Cp2 point state. Then, the subcooled 

20 refrigerant is decompressed by the expansion valve 18 to shift from 
the Cp2 point state to the Dp point state, to thereby become 
low-pressure and low- temperature mist-like refrigerant. 
Furthermore, this refrigerant passes through the evaporator E and 
exchanges heat with the introduced air A as well as the condensed 

25 refrigerant passing through the subcooler E to be evaporated, to 
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thereby shift from the Dp point state to the Ap point state to become 
vapor refrigerant, and then returns to the compressor 15. 

In the refrigeration system employing this duplex-type heat 
exchanger 1, the refrigerant condensed by the condenser 16 Is 
5 subcooled by the subcooler S. Therefore, as shown In Fig. 9, In 
the condensing or subcoollng process (Bp-Cp2), as compcired with 
a normal (conventional) refrigeration cycle, the enthalpy decreases 
by "Aqi," resulting in an Increased refrigeration capacity, which 
In turn Increases the enthalpy difference at the time of evaporation. 

10 For reference. In Fig. 9, the Molller diagram of the conventional 
refrigeration system is shown by a broken line (equivalent to the 
solid line in Fig. 12). 

Furthermore, in the heat exchanger 1 of this embodiment, since 
the refrigerant is evaporated in the evaporator E by exchanging 

15 heat with the relatively hot air A passed through the subcooler 
E as well as the condensed refrigerant in the subcooler S, the 
enthalpy difference at the time of evaporation increases by "A 
Q2" as compared with the conventional refrigeration cycle. 
Accordingly, the enthalpy difference at the time of evaporation 

20 (Ap-Dp) can be further increased, which enables to obtain a 
isufflolent refrigeration effeot- 

Furthermore, in the evaporator E of this embodiment, since 
the refrigerant exchanges heat with the high temperature air A as 
well as the condensed refrigerant, the refrigerant can fully be 

25 heated in the evaporating process. This enables an appropriate 



wo 02/063223 




PCT/JP02/00911 



superheating of the refrigerant, which can effectively prevent such 
a default that the evaporated refrigerant returns to a compressor 
with liquid state because of Insufficient heating. 

Furthermore, in this embodiment, since the outer fin 5 
5 continuously extends between the subcooler S and the evaporator 
E, heat exchange can be performed between the refrigerant In the 
subcooler S and the refrigerant in the evaporator E, which can 
further enhance the refrigeration effects. 

In this embodiment, since the refrigerant flows out of the 

10 evaporator E at higher temperature as compared with a normal 
refrigeration cycle, the specific volume of the refrigerant becomes 
larger, which may cause deterioration of the circulation amount 
of the ref rigereuit . Even if taking consideration of this, however, 
in this embodiment, since the refrigeration effects of the 

15 refrigerant (enthalpy difference) remarkably increases as 
described above, the refrigeration capacity Improves. 

Furthermore, in the duplex- type heat exchanger 1 of this 
embodiment, since the evaporator E is Integrally provided to the 
subcooler S, it is not required to provide a subcooling portion 

20 to a condenser Itself like a conventional proposed refrigeration 
system using a heat exchanger with a receiver tank. In other words , 
the entire condenser can be constituted as an original condensing 
portion. Therefore, the heat rejection of the refrigerant can be 
performed efficiently, which enables to assuredly obtain enough 

25 condensing capacity. Accordingly, the rise of refrigerant 
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pressure in the refrigeration cycle can be prevented, which in turn 
can decrease, for example, the load of compressor as well as the 
weight and the size. 

Furthermore, in this embodiment, since the receiver tank 17 
5 is provided separate from the condenser 16, the receiver tank 17 
can be arranged at a desired position such as a surplus space in 
an engine room. Therefore, it becomes possible to utilize the 
engine space efficiently and prevent that the receiver tank 17 
interferes with the condenser 16. From this point of view, 

10 sufficient condensing capacity can be given to the condenser, which 
further enhances the refrigeration capacity. 

Furthermore, since the duplex -type heat exchanger 1 according 
to the aforementioned embodiment has the core 10 integrally provided 
with the evaporator E and the subcooler S, the heat exchanger can 

15 be small in size and light in weight as compared with the case that 
an evaporator and a subcooler are separately provided . In addition , 
since the subcooler side heat exchanging passage 22 and the 
evaporator side heat exchanging passage 32 are formed in each 
tubular element 2 , the assembly of the heat exchanger 1 can be easily 

20 performed by simply laminating the tubular elements .2. 

In cases the forming plate 20 constituting the tubular element 
2 is formed by roll-press forming, etc., the passage grooves 22, 
32 of the forming plate 20 can be formed more precisely, as compared 
with the case that the forming plate 20 is formed by bending press 

25 forming, extrusion, machining or the like. Therefore, it becomes 
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possible to provide a high performance and small duplex- type heat 
exchanger with sufficient strength and improved pressure resistant . 

Furthermore, in this embodiment, the vertically extending 
groove 25 is formed in the tubular element 2 so as. to form a gap 
5 to be located between the subcooler side heat exchanging passage 
22 and the evaporator side heat exchanging passage 32. Therefore, 
the groove 25 enables a detection of refrigerant leakage and a 
prevention of an unexpected communication of these heat exchanging 
passages 22, 23. Accordingly, the product quality can be improved. 

10 Furthermore, in this embodiment, the subcooler S is arranged 

at the windward side of the introduction air A, and the evaporator 
E is arranged at the leeward side. Therefore, the refrigerant 
passing through the subcooler S is fully subcooled by the relatively 
low temperature air A immediately after the introduction, and the 

15 refrigerant passing through the evaporator E is fully heated by 
the high temperature air A passed through the subcooler S, to thereby 
perform efficient heat exchange. 

Although the expansion valve 18 is used as decompressing means 
in the aforementioned embodiment, this invention is not limited 

20 only to the above. The decompressing means may be a decompressing 
tube, such as a capillary tube or an orifice tube. 

For example, in case that a small pipe such as an orifice tube 
is used as decompressing means, as shown in Fig. 10, the orifice 
tube 18a may be installed in the evaporator inlet port 13a of the 

25 evaporator side inlet passage 9a in the evaporator 1. As mentioned 
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above, by installing the decompressing means within the heat 
exchanger core 10, the Installation space for decompressing means 
can be omitted. Thus, the size and weight of the heat exchanger 
can be further decreased to achieve same performance, 
5 In the aforementioned embodiment , the plurality of subcooler 

side heat exchanging passages 22 of each tubular element 2 are 
arranged in parallel with each other, and are formed Independently. 
However, the present invention is not limited to the above. For 
example, the partitioning wall located between the adjacent 

10 subcooler side heat exchanging passages 22 may have an opening so 
that the refrigerant can pass through each heat exchanging passage 
22 evenly. Also, the partitioning wall located between the 
adjacent evaporator side heat exchanging passages 32 may have an 
opening so that the refrigerant can pass through each heat 

15 exchanging passage 32 evenly. 

Furthermore, in the present invention, the subcooler side 
heat exchanging passage and the evaporator side heat exchanging 
passage 22, 32 may be constituted by, for example, a single heat 
exchanging passage having a large width, respectively. In cases 

20 where the heat exchanging passage is constituted by a single wide 
passage, an uneven- shaped inner fin may be provided in the heat 
exchanging passage so as to Improve the heat transfer efficiency 
in the heat exchanging passage for the refrigerant. 

Furtheimore , in the aforementioned embodiment, although the 

25 laminated- type heat exchanger in which the forming plate and the 
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connecting tube are separately formed Is exemplified^ the present 
invention Is not limited to this, but may be applied to a drawn-cup 
type laminated heat exchanger In which a connecting tube (tank 
portion) Is Integrally formed to the forming plate by drawing 
5 processing. 

As mentioned above, the aforementioned duplex- type heat 
exchanger Is provided with a subcooler and an evaporator, and the 
refrigerant In the subcooler Is cooled by performing heat exchange 
between the refrigerant In the subcooler and the refrigerant In 

10 the evaporator. Therefore, the amount of heat rejection during the 
condensing or subcoollng process Increases, and therefore the 
refrigeration effect can be Improved. Furthermore, In any cases 
where the heat exchanger according to the present Invention Is 
applied to a refrigeration cycle. It Is not required to provide 

15 a subcoollng portion to the condenser. Therefore, the effective 
area of the condenser can be Increased, and a receiver tank or the 
like oan be arranged at a desired position apart from the condenser, 
which can avoid an Interference with the condenser. Accordingly, 
the condensing capacity of the condenser can fully be secured, and 

20 a rise of refrigerant pressure within the refrigeration cycle can 
be prevented. Furthermore, it becomes possible to decrease the 
size and weight. 

Furthermore, in case that the heat -transferring fin is 
provided in such a way that the fin continuously extends the 

25 subcooler and the evaporator, the heat exchange between the 
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refrigerant in the subcooler and the refrigerant in the evaporator 
can be performed efficiently via the heat -transferring fin, whereby 
the aforementioned effect can be obtained more assuredly. 

Furthermore, in case that the subcooler is arranged to a 
5 windward side and the evaporator is arranged to a leeward side, 
the refrigerant in the subcooler can fully be subcooled by 
relatively low temperature air immediately after the introduction, 
and the refrigerant in the evaporator can fully be heated and 
theref pre evaporated assuredly by the high- temperature air passed 

10 through the subcooler. Accordingly, there is an advantage that 
heat exchange can be performed much more efficiently. 

Furthermore, in case that a plurality of plate -shaped tubular 
elements each having the subcooler side heat exchanging passage 
and the evaporator side heat exchanging passage which are 

15 independent with each other are laminated to form a core, like the 
conventional laminated type evaporator, etc., the core can be 
certainly formed by simply laminating tubular elements, and 
therefore the assembly can be performed easily. 

Furthermore, in case that the vertically extending aperture 

20 is formed between the subcooler side heat exchanging passage and 
the evaporator side heat exchanging passage of the tubular element , 
the gap enables a detection of refrigerant leakage and a prevention 
of an unexpected communication of these heat exchanging passages . 
Accordingly, the product quality can be improved. 

25 Furthermore, in case that an orifice tube as decompressing 
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means Is xncorporated In a core, since the Installation space for 
decompressing means can be omitted, there Is an advantage that a 
miniaturization can be attained. 

This application claims priority to Japanese Patent 
5 Application No . 2001-27807 filed on February 5 , 200i, the disclosure 
of which is incorporated by reference in its entirety. 

The terms and descriptions in this specification are used only 
for explanatory purposes and the present invention is not limited 
to these terms and descriptions. It should be appreciated that 
10 there are many modifications and substitutions without departing 
from the spirit and the scope of the present Invention which is 
defined by the appended claims. A present Invention permits any 
design -change, unless it deviates from the soul, if it is within 
the limits by which the claim was performed. 

15 

Industrial Applicability 

The duplex- type heat exchanger and the refrigeration system 
according to the present Invention can be suitably used in a 
20 refrigeration system of air conditioners for not only 
automobile -use but also residential-use or business-use. 



wo 02/063223 27 PCT/JP02/00911 



CLAIMS 



1. A duplex- type heat exchanger for use in a refrigeration 
cycle in which condensed refrigerant is decompressed and then the 
5 decompressed refrigerant is evaporated, said duplex- type heat 
exchanger comprising: 

a subcooler for subooling the condensed refrigerant by 
exchanging heat with ambient air; and 

an evaporator for evaporating the decompressed refrigerant 
10 by exchanging heat with ambient air, 

wherein heat exchange is performed between the refrigerant 
passing through said subcooler and the refrigerant passing through 
said evaporator to thereby cool the refrigerant in said subcooler 
and heat the refrigerant in said evaporator. 

15 

2- The duplex- type heat exchamger as recited in claim 1, 
further comprising a subcooler side heat -transferring fin by which 
the refrigerant in said subcooler exchanges heat with ambient air, 
and an evaporator side heat -transferring fin by which the 

20 refrigerant in said evaporator exchanges heat with ambient air, 
wherein said subcooler side heat -transferring fin is connected with 
said evaporator side heat -transferring fin in a continuous manner, 
whereby heat exchange is performed between the refrigerant in said 
subcooler and the refrigereint in said evaporator via said 

25 heat -transferring fins. 
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3. The duplex-type heat exchanger as recited in claim 1 or 
2, wherein said subcooler is placed at a windward side relative 
to an air introduction direction and said evaporator is placed at 

5 a leeward side, and wherein heat exchange is performed between the 
refrigerant passing through an inside of said evaporator and air 
heated by said subcooler. 

4. The duplex- type heat exchanger as recited in any one of 
10 claims 1 to 3, wherein said heat exchanger is provided with a core 

including a plurality of plate- shaped tubular elements laminated 
in its plate thickness direction thereof via said heat -transferring 
fin, wherein each of said tubular elements includes a subcooler 
side heat excheoiging passage and an evaporator side heat exchanging 

15 passage independent to said subcooler side heat exchanging passage, 
each heat exchanging passage extending in a longitudinal direction 
of said tubular element, wherein said core is provided with a 
subcooler side inlet passage and a subcooler side outlet passage 
which are communicating with opposite ends of said subcooler side 

20 heat exchanging passage respectively and extending in a direction 
of laminating said tubular elements, wherein said core is provided 
with an evaporator side inlet passage and an evaporator side outlet 
passage which are communicating with opposite ends of said 
evaporator side heat exchanging passage respectively and extending 

25 in a direction of laminating said tubular elements. 
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whereby the refrigerant flowed into saxd subcooler side Inlet 
passage passes through said Inlet passage and flows Into each of 
said subcooler side heat exchanging passages, and then flows Into 
said subcooler side outlet passage and flows out of said outlet 
5 passage, and the refrigerant flows Into said evaporator side Inlet 
passage passes through said Inlet passage and flows Into each of 
said evaporator side heat exchanging passages, and then flows Into 
said evaporator side outlet passage and flows out of said outlet 
passage. 

10 

5. The duplex- type heat exchanger as recited in claim 4, 
wherein said tubular element is provided with a continuous gap 
extending in a longitudinal direction of said tubular element and 
located between said subcooler side heat exchanging passage and 
15 said evaporator side heat exchanging passage in said tubular element , 
said continuous gap being independent to both said heat exchanging 
passages, and opposite ends of said continuous gap being opened 
at opposite ends of said tubular element. 

20 6. The duplex- type heat exchanger as recited in claim 4 or 

5, further comprising a decompressing tube as decompressing means 
for decompressing the condensed refrigerant, wherein said 
decompressing tube is placed in said evaporator side inlet passage. 

25 7. A refrigeration system having a refrigeration cycle. 
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comprising: 

a compressor for compressing refrigerant; 

a condenser for condensing the refrigerant compressed by said 
compressor; 

5 a receiver tank for storing the refrigerant condensed by said 

condenser and providing liquefied refrigerant; 

a subcooler for subcoollng the refrigerant provided from said 
receiver tank; 

decompressing means for decompressing the refrigerant 
10 subcooled by said subcooler; and 

an evaporator for evaporating the refrigerant decompressed 
by said decompressing means, 

wherein said subcooler and said evaporator are Integrated to 
constitute a duplex- type heat exchanger In which heat exchange Is 
15 performed between the refrigerant passing through said subcooler 
and the refrigerant passing through said evaporator to thereby cool 
the refrigerant In said subcooler and heat the refrigerant In said 
evaporator . 

20 8, The refrigeration system as recited In claim 7, wherein 

said duplex- type heat exchanger Is equipped with a heat- 
transferring fin continuously extending said subcooler and said 
evaporator, wherein heat exchange is performed between the 
refrigerant in said subcooler and the refrigerant In said evaporator 

25 via said heat -transferring fin. 
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9. The refrigeration system as recited in claim 7 or 8, 
wherein said subcooler is placed at a windward side relative to 
an air introduction direction and said evaporator is placed at a 

5 leeward side, and wherein heat exchange is performed between air 
heated by said subcooler and the refrigerant passing through an 
inside of said evaporator. 

10. The refrigeration system as recited in any one of claims 
10 7 to 9, 

wherein said heat exchanger is provided with a core including 
a plurality of plate- shaped tubular elements laminated in its plate 
thickness direction thereof via said heat -transferring fin, 

wherein each of said tubular elements includes a subcooler 
15 side heat exchanging passage and an evaporator side heat exchanging 
passage independent to said subcooler side heat exchanging passage, 
each heat exchanging passage extending in a longitudinal direction 
of said tubular element, 

wherein said core is provided with a subcooler side inlet 
20 passage and a subcooler side outlet passage which are communcating 
with opposite ends of said subcooler side heat exchanging passage 
respectively and extending in a direction of laminating said tubular 
elements , 

wherein said core is provided with an evaporater side inlet 
25 passage and an evaporator side outlet passage which are 
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communicating with opposite ends of said evaporator side heat 
exchanging passage respectively and extending in a direction of 
laminating said tubular elements, 

whereby the refrigerant flowed into said subcooler side inlet 
5 passage passes through said inlet passage and flows into each of 
said subcooler side heat exchanging passages, and then flows into 
said subcooler side outlet passage and flows out of said outlet 
passage, and the refrigerant flows into said evaporator side inlet 
passage passes through said inlet passage and flows into each of 
10 said evaporator side heat exchanging passages, and then flows into 
said evaporator side outlet passage and flows out of said outlet 
passage. 

11. The refrigeration system as recited in claim 10, wherein 
15 said tubular element is provided with a continuous gap extending 

in a longitudinal direction of said tubular element and located 
between said subcooler side heat exchanging passage and said 
evaporator side heat exchanging passage in said tubular element, 
said continuous gap being independent to both said heat exchanging 
20 passages , and opposite ends of said continuous gap being opened 
at opposite ends of said tubular element. 

12. The refrigeration system as recited in claim 10 or 11, 
further comprising a decompressing tube as decompressing means for 

25 decompressing the condensed refrigerant, wherein said 
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decompressing tube Is placed In said evaporator side Inlet passage. 
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